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Goals
,i.. USE Two-DIMENSIONAL THERMAL-CAPILLARY MODEL
L,
,& TO IDENTIFY RATE AND PROCESSING I.IMITSFOR
.L GROWTH OF THIN SILICON SHEETS,
'_ RESULTS FOR VERTICAL AND INCLI,,ED DIE-DEFINED
GROWTH SYSTEMS
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Important Results
{
i. MAXIMUM GROWTH RATE IN VERTICAL SYSTEM IS SET -.
BY THERMAL-CAPILLARY LIMIT BEYOND WHICH STEADY
!
GROWTH IS IMPOSSIBLE '
{
' • LIMITS GROWTH RATE IN DIE-DEFINED SYSTEMS ,
(EFG)
• OF SECONDARY IMPORTANCE IN FREE-MENISCUS
GEOMETRIES (DENDRITIC WEB,EDGE-SuPPORTED)
G
,,_ 2, VERTICAL GROWTH IS QUALITATIVELY MODELLED BY ,
0HE-DIMENSIONAL HEAT TRANSFER
w
• LATERALLY UNIFORM TEMPERATURE
ALMOST FLAT MELT/CRYSTAL INTERFACE
.
i
_i 3, 0HE-DIMENSIONAL MODEL IS VALID FOR A WIDE RANGE
OF AMBIENT CONDITIONS -:
,.
: 4. THERMAL-CAPILLARY LIMITS EXIST FOR INCLINED
GROWTH SYSTEMS
i
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" JI
Thermal-Capillary Model, Heat Transfer
,' L* -- 0.025 cm, T* = 1683°K
1
P
r
Crystol
"" K_72T = 0 (MELT) aSs Ss
dD'"
K_2T - PE(V,_TT)= 0 (CRYSTAL) L,%
aSis
"ii.i / __.,I\BOUNDARY CONDITIONS _"/Nlell --/ "-4"
.; -.NoI_TT= B'(T-TA) + R(T4-TA4)
._ TIy=_L3= TO
I TIy=H(X)= 1,0 as
-_ °U i• Heff
"_ _N'K2_T- _N,K_T = PEST(N,V)Iy=H(X)
z
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Thermal-Capillary Model, Capillarity
1
t 4
l
21_=Bo(Y + HEFF) CRYSTAL
i BOUNDARYCONDITIONS _PINNED
'! MELT __
,I
• PINNEDAT DIE
• PINNEDAT CRYSTAL4
-!
:! • STEADYSTATEANGLE,_0 = 11°
- USED TO DETERMI_!ETHE
CRYSTALTHICKNESS //
• //
Characteristics of Isotherm/Newton Method
• GALERKIN/FINITE-ELEMENT APPROXIMATIONS TO
-- TEMPERATURE FIELD IN EACH PHASE
L
• -- MELT/CRYSTAL INTERFACE SHAPE
-- MELT/GAs MENISCI I
,l
• SIMULTANEOUS CONVERGENCE IN ALL VARIABLES
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Mapping from Real Coordinates to a Unit Domain
2
l'i, I,MAPP'N°iX = _f(I)
L4 Y = I)(_ )-(n-I) ( L4-h(_C)] I
X =_Cfln), y --J-'_ Y = nh(_') n
=-" 0 = t
x _"
ITr) n'r
L3 TEl" X = _¢(L I -I-L2)
y= nL 3 -I
_--LI+L 2
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_" Sample Result f_ r Die-Defined System
V = 1,5 CM/MIN
UNIFORM AMBIENT ,,To) = 0;2 (340%)
ISOTHERMS 5 ° APART
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@ UNIFORM ISOTHERMS POINT TO 1D TEMPERATURE FIELD
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.b II
•'. One-dimensionalmodel is based on:
i
', I LATERALLY AVERAGED rEMPERATURE
._ T(Y) = T(x,Y) AT× = ¢
. _-
4
CONDUCTION DOMINATES OVER RADIATION
i =
i.I __Hi(<I
, K
!
.: H = EFFECTiCE HEAT TRANSFER COEFFICIENT
l
. Maximum Growth Rate in Die-Defined System is Determined
• by Limit Points
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At the Limit Point, the _ensible Heat Cannot be
Funneled Quickly Enough from the Melt into the Crystal
4
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AXIAL DISTANCE Y
Results of One- and Two-Dimensional Models
are Qualitatively Similar
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How Important is the Ambient Temperature Profile?
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Deflection of Mel/Crystal Interface is Small
(Temperature Gradient Almost Constant Except at Small Thicl.nesses)
.J
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Inclined Growth for Uniform Ambient
T = 5°KFORISOTHERRS
V = 1,5 CWmN ":!
• ISOTHERHS ARE PERPENDICULAR TO
DIRECTION OF 5RONTH
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t Effect of Inclination on the Crystal Thickness
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INCLINATION FROM VERTICAL_ OE6REES
- Summary
r
• NAXIHUM GROWTHRATE IN VERTICAL AND |NCLINED
SYSTEHS IS SET BY THERMAL-CAPILLARY LINITS
i • _ELT/CRYSTAL INTERFACE iS FLAT
• VERTICAL GROWTH IS OUALITATIVELY MODELLED BY
i ONE-DIHENSIONAL HEAT TRANSFER
'| 585 _ "i
1986019875-569
